Introduction {#sec1}
============

Decades of comparisons between the anthropometric indices of individuals of the same age and gender revealed the phenomenon of developmental acceleration, which is also referred to as a secular trend \[[@cit0001]\]. While inhibition has already been documented in some Northern European countries, the secular increase in attained height still continues in Southern and Central Europe \[[@cit0002], [@cit0003]\]. Postulated reasons behind these discrepancies and causes of the observed deceleration include the negative influence of compounds present in the environment and foods \[[@cit0004]\], and the effects of environmental and family stressors \[[@cit0005]\].

Apart from the secular trend documented in children and adolescents, an increase in body fatness and weight of individuals from this age category can be observed during recent decades \[[@cit0006]\]. This is reflected by increasing prevalence of overweight and obesity among both children and adults.

Epidemiology of overweight and obesity worldwide and in Poland {#sec1.2}
--------------------------------------------------------------

Irrespective of diagnostic criteria \[[@cit0007]--[@cit0009]\], a considerable increase in the number of individuals with excess body fatness can be observed in recent years \[[@cit0010], [@cit0011]\]. Due to the improvement in global economic status, this problem affects an increasing number of individuals in all social groups \[[@cit0012]\]. After the collapse of the Communist Bloc, a radical improvement in socioeconomic conditions (including the availability of highly energetic foodstuffs) and lifestyle was observed in Poland as well \[[@cit0013], [@cit0014]\]. However, this was reflected by an increased number of overweight and obese individuals \[[@cit0015]\].

Like in adults, the emerging epidemic of overweight and obesity is observed among children and adolescents as well \[[@cit0016]\]. Nevertheless, a number of reports published during the last 5 years suggest that the upward tendency in the prevalence of obesity in highly developed countries has slowed down or even stopped, probably due to implementation of appropriate preventive measures \[[@cit0017], [@cit0018]\]. Comparative analysis of epidemiological data is hindered by the lack of regular screening of the Polish pediatric population.

The aim of this study was to analyze the prevalence of overweight and obesity among selected age categories of children from Gdansk, on the basis of 1992--2012 data collected by the local Center for the Promotion of Children's Health and Fitness.

Material and methods {#sec2}
====================

The analysis included data on body weight and height collected within the framework of two screening programs carried out by the Center for the Promotion of Children's Health and Fitness (CPCHF): "Your Child's Healthy Life" and "Healthy Student". CPCHF is a public institution, financed by the city of Gdansk.

Overall, the data of 70,329 children were analyzed, including 46,660 children between 6 and 7 years of age participating in the "Your Child's Healthy Life" program between 1994 and 2010, and the measurements of 23,669 children aged between 8 and 13 years who took part in the "Healthy Student" program between 1998 and 2012. The protocol of the study was approved by the Local Bioethics Committee at the Medical University of Gdansk. All the children were examined after obtaining written consent from their parents (legal caregivers) and in their presence (in the case of 6--7-year-old children).

Body height was measured to the nearest 1 mm, with the children standing barefoot in a stretched (Frankfurt) position. Body weight was determined to the nearest 50 g, with the children barefoot and dressed in their underwear or gym outfits.

The age of the children, expressed in a decimal system, was calculated as the difference between the date of measurement and the date of birth, according to Malina and Bouchard \[[@cit0019]\].

The percentile categories of body height, body weight, and body mass index (BMI) were determined on the basis of actual reference charts for Polish children and adolescents \[[@cit0020]\].

Statistical analysis {#sec2.1}
--------------------

Percentiles of BMI and *z*-scores were calculated on the basis of L, M, and S parameters, as described by Cole \[[@cit0001]\]. Percentages of children who did not fall into respective BMI categories were presented with the Wilson confidence intervals. The results were compared with Pearson's χ^2^ test or Fisher's exact test. All the calculations were carried out in the R 2.15.1 environment, with the threshold of statistical significance set at *p* ≤ 0.05.

Results {#sec3}
=======

Characteristics of study group {#sec3.1}
------------------------------

Basic characteristics of the studied population, stratified according to children's age and year of examination, are presented in [Table I](#t0001){ref-type="table"}. Due to the very low fraction of 8-year-old children (*n* = 2,024, 3.03%), which resulted from the specifics of the screening protocol, this group was not included in further analyses. Although the group of 13-year-old children also constituted a small fraction of the entire examined population (3.30%), it still corresponded to about 10% of all 13-year-olds from Gdansk, and thus was included in our analysis. Moreover, a predominance of 6- and 7-year-old children, corresponding to more than 60% of the study group, is worth noting. This is associated with longer duration of screening in this age category and the specificity of examination of 8- to 13-year-old children. The fractions of girls and boys were 50.46% and 49.54% of the study group, respectively.

###### 

Basic characteristics of studied population, stratified according to children's age and year of examination

  ---------------------------------------------------------------------------------------------------------------
  Year    Year of birth   Total                                                                        
  ------- --------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
  1986    0\              9\         12\        6\         25\        22\        0\         0\         74\
          (0%)            (0.04%)    (0.59%)    (0.13%)    (0.48%)    (0.42%)    (0%)       (0%)       (0.11%)

  1987    223\            896\       31\        7\         2\         1\         0\         0\         1160\
          (1.2%)          (3.67%)    (1.53%)    (0.15%)    (0.04%)    (0.02%)    (0%)       (0%)       (1.74%)

  1988    962\            1418\      47\        3\         1\         0\         0\         0\         2431\
          (5.18%)         (5.81%)    (2.32%)    (0.06%)    (0.02%)    (0%)       (0%)       (0%)       (3.64%)

  1989    1324\           1860\      14\        0\         0\         3\         0\         0\         3201\
          (7.12%)         (7.61%)    (0.69%)    (0%)       (0%)       (0.06%)    (0%)       (0%)       (4.79%)

  1990    1593\           2044\      14\        2\         1\         2\         0\         6\         3662\
          (8.57%)         (8.37%)    (0.69%)    (0.04%)    (0.02%)    (0.04%)    (0%)       (0.27%)    (5.48%)

  1991    1505\           2113\      1\         3\         5\         0\         4\         0\         3631\
          (8.1%)          (8.65%)    (0.05%)    (0.06%)    (0.1%)     (0%)       (0.09%)    (0%)       (5.43%)

  1992    1229\           573\       22\        9\         0\         5\         3\         3\         1844\
          (6.61%)         (2.35%)    (1.09%)    (0.19%)    (0%)       (0.1%)     (0.07%)    (0.14%)    (2.76%)

  1993    632\            1880\      15\        0\         11\        2\         106\       323\       2969\
          (3.4%)          (7.7%)     (0.74%)    (0%)       (0.21%)    (0.04%)    (2.38%)    (14.66%)   (4.44%)

  1994    1918\           2494\      15\        13\        3\         91\        656\       502\       5692\
          (10.32%)        (10.21%)   (0.74%)    (0.28%)    (0.06%)    (1.74%)    (14.73%)   (22.79%)   (8.52%)

  1995    2164\           2778\      9\         8\         82\        649\       752\       357\       6799\
          (11.64%)        (11.37%)   (0.44%)    (0.17%)    (1.58%)    (12.39%)   (16.88%)   (16.21%)   (10.17%)

  1996    1496\           683\       18\        84\        610\       718\       680\       289\       4578\
          (8.05%)         (2.8%)     (0.89%)    (1.78%)    (11.77%)   (13.71%)   (15.27%)   (13.12%)   (6.85%)

  1997    663\            1634\      93\        664\       687\       666\       576\       408\       5391\
          (3.57%)         (6.69%)    (4.59%)    (14.09%)   (13.25%)   (12.72%)   (12.93%)   (18.52%)   (8.07%)

  1998    919\            1764\      374\       723\       624\       560\       726\       294\       5984\
          (4.94%)         (7.22%)    (18.48%)   (15.34%)   (12.04%)   (10.7%)    (16.3%)    (13.35%)   (8.95%)

  1999    1428\           1895\      269\       620\       618\       908\       367\       21\        6126\
          (7.68%)         (7.76%)    (13.29%)   (13.16%)   (11.92%)   (17.34%)   (8.24%)    (0.95%)    (9.17%)

  2000    1585\           1888\      288\       638\       804\       723\       494\       0\         6420\
          (8.53%)         (7.73%)    (14.23%)   (13.54%)   (15.51%)   (13.81%)   (11.09%)   (0%)       (9.61%)

  2001    938\            484\       341\       861\       842\       781\       90\        0\         4337\
          (5.05%)         (1.98%)    (16.85%)   (18.27%)   (16.25%)   (14.92%)   (2.02%)    (0%)       (6.49%)

  2002    8\              6\         403\       798\       771\       105\       0\         0\         2091\
          (0.04%)         (0.02%)    (19.91%)   (16.93%)   (14.88%)   (2.01%)    (0%)       (0%)       (3.13%)

  2003    0\              7\         58\        274\       97\        0\         0\         0\         436\
          (0%)            (0.03%)    (2.87%)    (5.81%)    (1.87%)    (0%)       (0%)       (0%)       ( 0.65%)

  Total   18587\          24426\     2024\      4713\      5183\      5236\      4454\      2203\      66826\
          (27.8%)         (36.5%)    (3.03%)    (7.05%)    (7.76%)    (7.84%)    (6.67%)    (3.30%)    (100%)
  ---------------------------------------------------------------------------------------------------------------

Prevalence of overweight and obesity {#sec3.2}
------------------------------------

On the basis of data on participants' age, body weight and body height, the gender-specific percentile values of BMI were assigned to each age category. The data presented here include a group of 6- to 7- and 9- to 13-year-old children.

The prevalence of overweight and obesity in the study group, stratified according to gender and age, is presented in [Figures 1](#f0001){ref-type="fig"}--[5](#f0005){ref-type="fig"}. The gender- and age-specific values of the 85^th^ and 95^th^ percentile of BMI were determined from the percentile charts \[[@cit0020]\].

![Prevalence of overweight (above the 85^th^ percentile) and obesity (above the 95^th^ percentile) among 6-year-old boys (**A**, **B**) and girls (**C**, **D**)](AMS-14-31296-g001){#f0001}

![Prevalence of overweight (above the 85^th^ percentile) and obesity (above the 95^th^ percentile) among 7-year-old boys (**A**, **B**) and girls (**C**, **D**)](AMS-14-31296-g003){#f0002}

![Prevalence of overweight (above the 85^th^ percentile) and obesity (above the 95^th^ percentile) among 9-year-old boys (**A**, **B**) and girls (**C**, **D**)](AMS-14-31296-g004){#f0003}

![Prevalence of overweight (above the 85^th^ percentile) and obesity (above the 95^th^ percentile) among 11-year-old boys (**A**, **B**) and girls (**C**, **D**)](AMS-14-31296-g005){#f0004}

![Prevalence of overweight (above the 85^th^ percentile) and obesity (above the 95^th^ percentile) among 13-year-old boys (**A**, **B**) and girls (**C**, **D**)](AMS-14-31296-g002){#f0005}

Due to availability of data from the CPCHF's screening programs, the duration of follow-up was the longest (i.e. 17 years) in the case of 6--7-year-old children. In contrast, the shortest, 6-year long, follow-up was available for 13-year-old children.

Statistical analysis revealed that the prevalence of overweight and obesity among children from various age categories differed significantly depending on the year of examination. A growing tendency, lasting for 4--5 years, was observed in the case of 6--7-year-old children born in 1993--1998 and examined between 1999 and 2005. A similar tendency was documented in 12-year-old participants, examined between 2005 and 2010. However, both tendencies were normalized or reversed in subsequent years. Aside from that, we did not identify any constant trend to increase or decrease in the prevalence of overweight and obesity in any of the studied age groups.

However, we revealed an age-related increase in the prevalence of overweight and obesity. While it was observed throughout all consecutive age categories in boys, an increase in the prevalence of excess body weight in girls was documented solely until puberty (about 10 years of age), with a subsequent decrease, more pronounced in the case of overweight than in obesity.

We revealed statistically significant gender-specific differences in the prevalence of overweight and obesity. Overweight and obesity were significantly more frequent in girls than in boys from all age categories, except 12- and 13-year-old children, in whom no gender-specific differences were documented.

Discussion {#sec4}
==========

Long-term studies revealed an increasing tendency in the prevalence of overweight and obesity in children and adolescents from developed and developing countries. The situation in Poland is similar as in other Central European countries \[[@cit0021], [@cit0022]\].

Searching through the available literature we found sparse nationwide epidemiologic reports and a few studies analyzing changes in body weight of children and adolescents from various regions of Poland \[[@cit0023], [@cit0024]\]. They documented significant changes in both mean and maximum values of these parameters. Unfortunately, respective changes in BMI were not reported in these papers.

We did not confirm the previously reported growing tendency in the prevalence of overweight and obesity among children. Although a slight upward tendency was documented among 6- to 7-year-old children born between 1987 and 1999, it was substantially corrected in subsequent years. Chrzanowska *et al.* \[[@cit0024]\] documented a considerable increase in mean body weight on comparative analysis of data from children examined in 1971 and 1983; however, despite longer interval between the studies, she reported markedly less pronounced differences in body weight of individuals examined in 1983 and 2000. Also, another Polish study \[[@cit0025]\] revealed that the increase in mean body weight and height of subjects examined in the 1970s and 1980s was more pronounced than in subsequent decades. As our study included data of children born after 1987, it probably did not cover this period of secular increase in physical development. Nevertheless, it should be noted that data from many highly developed countries, and the results of Polish regional studies \[[@cit0023], [@cit0024]\], suggest that the problem in question still existed, albeit at a markedly lower rate, also in 1990s and in the first decade of the 21^st^ century \[[@cit0025]\]. Comparing those data to available similar data from other CEE countries shows similarity in the lack of tendency of obesity increase in younger children (preschool in the Czech Republic) \[[@cit0026]\]. Differences were observed in adolescents. Increase of overweight and/or obesity was observed in some age groups in youth from Slovakia and the Czech Republic \[[@cit0022], [@cit0027]\].

The discrepancies between our findings and literature evidence may have several potential reasons. For example, the follow-up period of our 10-13-year-old children was too short to reveal any longitudinal changes. As a result, we did not observe any secular trend in the anthropometric parameters of participants from this age category, and a decrease in the prevalence of overweight and obesity was occasionally documented. During a 17-year observation of children aged 6 and 7, we identified a period characterized by a secular increase in body weight. The increased prevalence of overweight and obesity was observed in boys and girls born between 1999 and 2005. Although this tendency was not documented in subsequent years, a periodic character of changes could still be observed. However, this phenomenon did not occur universally across the whole studied population. Perhaps this resulted from the quality of available data, namely from the CPCHF's organization of work and too short follow-up period of children older than 6--7 years of age.

A decrease in the prevalence of overweight can result from a variety of reasons. The prevalence of excess body weight among children decreases proportionally to the number of social or media campaigns, and educational activities addressed to school teachers, parents and the children themselves. However, data from neighboring states and countries characterized by a higher level of economic development suggest that the complete attenuation of the secular trend observed in Poland is unlikely. Nevertheless, it could be at least normalized by early implementation of the preventive measures mentioned above.

The age-related increase in the prevalence of excess body weight is another problem identified by our study. Moreover, we revealed gender-specific differences in this parameter. These differences may result from the influence of both intrinsic and extrinsic factors, among them sexual maturation and gender-specific distribution of body fat, which is indirectly reflected by BMI. Also the environmental impact should be considered, as patterns of an ideal male and female figure exist in public opinion. Noticeably, our findings are consistent with data from other regions of Poland \[[@cit0023]\]. Similar results were found in several studies including studies from the Czech Republic, showing a large difference in prevalence of obesity between sexes \[[@cit0021], [@cit0028]\].

In conclusion, this study did not identify any constant trend in the prevalence of overweight and obesity among 6- to 13-year-old children from Gdansk. Nevertheless, a periodic increase in the prevalence of excess body weight was documented among 6-, 7-, and 12-year-old children born between 1993 and 1997. While the prevalence of overweight in boys increased with age, a similar tendency was documented solely in prepubertal girls. The prevalence of obesity increased in puberty in boys, and remained relatively stable throughout all developmental stages of girls. The prevalence of excess body weight was higher in girls than in boys.
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